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Oxygen is a highly toxic molecule that accumulated massively
some 2,400000000 years ago as a byproduct of photosynthesis. It
nearly extinguished life on Earth. Surviving organisms had to learn to
deal with high atmospheric oxygen. Aerobic cells use it as the ﬁnal
electron acceptor of their respiratory chains, coupling the highly
exergonic reduction of oxygen to the synthesis of ATP. Still, the
toxicity problem had to be dealt with and a large number of strategies
evolved. Active oxygen consumption in the absence of ATP synthesis
that is, physiological uncoupling of oxidative phosphorylation, was
achieved through different mechanisms that may be classiﬁed in
proton sinks and non-productive redox proteins. Proton sinks: Proton
gradients may be dissipated by opening of the permeability transition
pore or activating uncoupling proteins. Non-productive redox en-
zymes are not proton pumps: The branched respiratory chains of
plants, yeast and bacteria express varying amounts of alternative
redox enzymes that do not pump protons. Expression varies with
aging when subjected to different types of stress. Physiological un-
coupling mechanisms are needed to cope with oxygen.
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Alzheimer's disease (AD) is the most prevalent neurodegenera-
tive pathology in the growing population of elderly humans and
leads to dementia and death. AD is a complex, age-related neuro-
degenerative disorder characterized by the impairment of cognitive
functions and memory loss. Olfactory bulbectomized mice are par-
ticularly promising and appropriate model of nontransgenic, sporad-
ic form of AD. Six weeks after bilateral olfactory bulbectomy (OBX),
mice displayed considerable impairment in spatial memory when
tested in the Morris's water maze. Decline of learning/memory
abilities correlated with increase of β-amyloid in extracts of the
neocortex and hippocampus, parts of the brain that are involved
in forming new memory and spatial navigation. We have also
established that soluble β-amyloid level detected by ELISA was
signiﬁcantly higher in mitochondrial fraction from the neocortex
and hippocampus in OBX animals than in sham-operated mice (SO).
Loss of neurons as well as its morpho-functional changes such as
cytolysis, karyolysis, pycnosis and vacuolization have been revealed
in the temporal cortex and hippocampus of OBX mice. Localization of
β-amyloid into mitochondria isolated from the neocortex and hippo-
campus is accompanied with impairments of the electron transport
chain and mitochondrial metabolism. We observed a signiﬁcant decline
in the mitochondrial respiratory rate, low value of mitochondrial
respiration control ratio (RCR), as well as a decreased activity of the
cytochrome c oxidase (COX) and reducedmembrane potential. A decline
in the COX activity (approx. 35–40%) suggests that a signiﬁcant deﬁcit in
energy generation can lead to catastrophic effects in the functioning of
neurons. Defects in mitochondrial function may be a result of toxic
effects ofβ-amyloid via reactive oxygen species leakage promoted by the
interaction of β-amyloid with brain mitochondria. These data suggest
that early mitochondrial targeted therapeutic interventions may be
effective in delaying AD progression in patients.
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Mitochondrial membrane potential is the major regulator of
mitochondrial functions, including coupling efﬁciency and production
of reactive oxygen species (ROS). We present here evidence for a
speciﬁc modulation of adenine nucleotide translocase (ANT) during
ageing that results in a decrease in membrane potential – and therefore
ROS production [1] – but surprisingly increases coupling efﬁciency
under conditions of low ATP turnover [2,3]. The in vivo decrease in the
response (‘elasticity’) of mitochondrial oxidative phosphorylation to
contraction-induced increase in ATP demand in aged living rat muscle
for low contractile activity [2] was associated with a decrease in
mitochondrial afﬁnity for ADP in aged isolated mitochondria, and a
change in ANT response to its speciﬁc inhibitor atractyloside [3]. This
ageing-induced modiﬁcation of ANT results in an increase in the ADP
concentration required to sustain the same ATP turnover as compared
to young muscle, and therefore in a lower membrane potential. Thus,
for an equivalent ATP turnover, coupling efﬁciency is higher in aged
muscle mitochondria, due to the down-regulation of basal proton leak
caused by membrane potential decrease [4]. Modiﬁcation in ANT
functionwith ageingmay be a result of oxidative damage caused by ROS
and may appear like a virtuous circle where ROS induce a mechanism
that reduces their production, without causing uncoupling, and even
leading in improved efﬁciency. Because of the importance of ROS as
therapeutic targets, this new mechanism deserves further studies.
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